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®About Knight & Carver Wind Group®
 Corporate Headquarter: National City, CA.

Bl d  F t i  i  N ti l Cit  CA  d H d  SD Blade Factories in National City, CA and Howard, SD.
 Largest Blade Service Company in North America.
 ISO Registration & GL Shop Certification.

A d Wi i  R&D P j   i h DOE/S di  d l   f  Award Winning R&D Project with DOE/Sandia development of 
Sweep Twist Adaptive Rotor ® (STAR®).

 License Agreement w/ Euros (Germany).
 E h i Emphasis:

 Safety.
 Professionalism.
E i Experience.

 Craftsmanship.
 Value.
I i   Integrity .
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Wind Turbine Services Overview 

C t M k tCurrent Market.

Source: DOE “20% Wind Energy by 2030” report
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Total Field Service Rotor Blade Market 

$120,000,000 

$140,000,000 
Preventative Maintenance 
Unscheduled Repair 

$80,000,000 

$100,000,000 
Lightning Repair 
Inspec. Installation
Inspection ‐ Installation

$40 000 000 

$60,000,000 
Inspec. Shipping Dam
Inspection ‐ shipping Dam. 
Work from EOW

$

$20,000,000 

$40,000,000 
Inspection (EOW)
Latent Defect 
Warranty 

$‐
2009 2010 2011 2012 2013
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Source: KCWG forecast based on AWEA data



Blade Repair Bell Curve 

Repair costs

years
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Wind Turbine Failure Rate
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Source: Garrad Hassan



Wind Turbine Down Time
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Source: Garrad Hassan



Most Important Maintenance Action: 

Observe blades!
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Most Important Maintenance Actions: 
• Stop, look & listen.
• Binoculars.
• Inspections from suspended platform/crane basket.
• Camera with telephoto lens.

Most problems will be evident from the exterior!p
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Photo from Pickup Truck (400mm lens)
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Source: Knight & Carver



Getting to the Problem…
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Source: Knight & Carver
Source: Knight & Carver



A Different Suspended Platform..
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Source: Knight & Carver



Another way to go up Tower
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Source: Knight & Carver



Safety First‐Tailgate Meeting
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Source: Knight & Carver



Common Blade Problems
Transportation & Construction.
Lightning.Lightning.
Leading edge erosion.
D b di  (At S    T ili  & L di  Debonding (At Spar or Trailing & Leading 
edges).

d d b lDynamic and Aerodynamic Imbalance.

Safety - Professionalism - Experience - Craftsmanship - Value - Integrity



Transportation Damage
Blades are built far from the sites…

.

Trucking blades Source: Knight & Carver

Source: Knight & Carver

Trucking blades.
Typical  shipping damage.
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Source: Knight & Carver



Lightning Damage
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Source: Knight & Carver



Leading Edge Erosion
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Source: Knight & Carver



Trailing Edge Debonding
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Source: Knight & Carver



Insufficient Bonding Paste……… 

O B d Li t Thi k
Source: Knight & Carver

….Or Bond Line too Thick.
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Rotor Imbalance 
Mass Imbalance
Moment varies due to uneven blade Moment varies due to uneven blade 
masses or distribution.

Hub imbalance or flange errorsHub imbalance or flange errors.
Bent shaft.
Blades have absorbed oil or water.
 Icing.
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Dynamic Balancing Process 

P  
Instrument 
shaft and 
bearing.

Determine 
trial mass and 
measure its 

Install 
balancing 
masses.

I i  

Permanent 
balancing 
masses. 
Repeat 

Determine the 
imbalance.

easu e s
affect. Inspection 

run.

Repeat 
diagnostic 

run.
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Aerodynamic Imbalance 
Blades are producing varying power.
Uneven blade profiles Uneven blade profiles 
 Built wrong
 Repairs Repairs
 Erosion.
Pit h  l   i  f  bl d  t  bl dPitch angle varies from blade to blade.

Coning angle errors.
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Pitch Angle Measurement
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Source: Knight & Carver



For Existing Wind Turbines ...A Service Plan!
Objectives:
 Increase productivity.
 Increase availability.
Minimize downtime.
 Reduce/eliminate large repairs and replacements.
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KCWG T h lKCWG Technology
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STAR® Technology
 Planform sweep induces twist.
 Blade twist sheds loads.
 Load reduction allows for a larger rotor which captures 
more energy.
L d  d i   ll  f  li h   Load reduction allows for lighter components.

 Static, fatigue and field tests confirmed model 
predictionspredictions.

 Field tests confirmed 12% + energy capture gain with 
loads comparable to baseline.
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Standard Blade VS. STAR® Design
48m blade

6m

54m blade

STAR of the Show.mov
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Knight & Carver Wind Group®
Gary Kanaby
2423 Hoover Avenue

Source: Knight & Carver

4 3
National City, CA 91950
B (619)‐791‐1050 x 111
F (619)‐791‐1080
gkanaby@kcwind comgkanaby@kcwind.com
www.kcwind.com Source: Knight & Carver
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Appendix
• Inspection Techniques. 
• STAR®  Technology.
• Press Kit• Press Kit.
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Thermographic Camera
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Source: Knight & Carver



Thermographic Images
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Source: Knight & CarverSource: Knight & Carver



Ultrasound Transducer
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Source: Knight & Carver



Ultrasound Inspection Image
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Source: Knight & Carver



Infrared Imaging of Blade Interior
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Source: Knight & Carver



Lightning System Testing

Source: Knight & CarverSource: Knight & Carver

Digital Low Resistance Ohmmeter Test each receptor
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Lightning Strike!
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Source: Knight & Carver



Sweep Twist Adaptive Rotor® Technology
 KCWG realized that a wind turbine can collect more 
energy and be more productive if the rotor size can be 
i dincreased.

 If a rotor size is increased, the loads are increased 
which limits rotor sizewhich limits rotor size.

 The STAR® technology allows the use of a larger rotor 
without increasing the loads.g

 This was validated when KCWG’s 54m STAR® rotor 
replaced a 48m rotor without increasing loads while 
increasing energy capture by 19% over 18 months.

Safety - Professionalism - Experience - Craftsmanship - Value - Integrity



STAR Blade® Workings
 The design reduces loads at the root of the blade by twisting.
 The shape (planform) of the blade causes the blade to twist.
 When the blade twists, the blade tip has a different angle of , p g

attack than the rest of the blade.
 The effective area of the blade that produces the power has 

been reduced.
 The value is that either the blade can now be longer without 

increased loads on the turbine or the blades remain the same 
length and other components of the machine can be built less g p
robust (less costly).

 A combination approach could be that the blades are slightly 
longer with increased reliability for the machine which now is g y
absorbing less loads.
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LWST (Low Wind Speed Turbine Project)
 KCWG competed for a DOE RFP in 2004 to provide solutions for 

turbines in low wind speed regimes.
 Administered through Sandia National Laboratories, Alb, NM.
 Total project cost $2.8m with .8m in KCWG cost share.
 Engineering design studies showed reduced loading due to 

sweep twist.p
 Material selection and tooling fabrication were completed in 

2006.
 KCWG named this “Sweep Twist Adaptive Rotor®“ blade STAR® KCWG named this  Sweep Twist Adaptive Rotor  blade STAR .
 Prototype manufacturing showed STAR® can be produced 

utilizing current manufacturing techniques.
 Laboratory and field testing confirmed model predictions Laboratory and field testing confirmed model predictions.
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Test Results
 The static test at KCWG validated model 
predictions for deflection, twist, frequency, and 
stressstress.

 The STAR Blade® fatigue test at NREL verified a 
design life of 20 years under IEC design loads.g y g

 The field test was conducted in a commercial 
wind site and STAR® increased production by 10‐
%        h    i d12% over a two month test period.

 The STAR Blade® had a design load envelope that 
was equivalent to the baseline bladeswas equivalent to the baseline blades.
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STAR® V l 2 5 MW T biSTAR® Value on 2.5 MW Turbine
 NPV 1% increase in energy production =$30,000.
 STAR® blades could increase production by 10%.
 NPV increase of $300,000.
 Standard blade price $340,000/set.
 STAR® blade price +10% or $374,000/set.
 NPV of $300,000 realized by $34,000 increase cost 
( %)(12%).

 $34,000 blade cost increase is less than 1% of the total 
turbine costturbine cost.
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Production Increase Potential
 2010 nearl  10 000m  Wind po er installed 2010 nearly 10,000mw Wind power installed.
 Annual production of 10,000mw at 35% capacity = 
30 600 000 mw hours30,600,000 mw hours.

 At $50mwh production value is $1,500,000,000.
 STAR® blades would enable the same turbines to STAR  blades would enable the same turbines to 
produce $150m more annually.

 Additional blade cost returned in additional energy 
produced in one year.

 Over a 20 year life the blades pay for themselves 20 
itimes.
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KCWG Patent Applications
KCWG has applied for 5 patents.
 Ideas for patents derived through design p g g
and fabrication of the STAR® blades.

The patents provide solutions to difficult The patents provide solutions to difficult 
design & manufacturing issues.

All patents applicable to swept blades  and All patents applicable to swept blades, and 
one has universal applications to all wind 
bladesblades.
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KNIGHT & CARVER WIND GROUP
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